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(54) [%m<n&m ECL0K 



(57) 

*6ECLIiB|fef|«-tft. 

iHlUS&l 2 J ^vZ7*UTM$&l 3&t>*PMOS h 
7>i>X#2, 3fr"b&5„ mSSl 3tex$>y#7*n 
7h5>S/"X#Q4, Q6$r{SA.^o h^>S?X#Q4 
©^-X{±h5>^X#Ql©3U£#K:^;3e*u X 

Q 6 ©^-xte h 5 >£/X 9 Q 2 OOn #(Cgg|i£ 
ft, x$y*(Cffi;ft^l 5#^3ftTV^,, 
i/X # 2 © V - X&tf K W > VCC&O'ffi^-?- 
1 4 Miffi^S^?- 1 5lCgg^3*lT^ 

So pmos h5>yx^3©y-xs.t»*w>ttfl; 

1 4K*g^;?;;n.T^.5. 



***tMttik-tMtf.tam 





(2) 



[ft 1 ] x$«v^^^y;i/h^>^x^$:^-r 
ZMlOh^yi?** (Ql) ©nb?#£:3g2©h^ 

(Q2) (DaV^^iz^miSMM (VCC) 
1**4 fcfcjfcKx$«y (Q3, R3) fctf- 

LT<S«fir«jS (VEE) iCgg^U fifflB&l CD S^i? 

(Ql) ©^-XlCA;fr<S# (VI) 5rA^1--2.^ 
£t>fCK3g : 2©h7>£>X* (Q2) ©^-^CS^fMI 
ffiff^ (Vref2) SrA^LfcHKifililiaS^ (12) 

stjfBiS«fe«js (vcc) (vee) tongtc 10 

7*D7h5>^^ (Q4, Q6) t^@S^i:^e> 

IW3»iai;»2©h9>^* (Ql, Q2) 
00— #© h 9 > # © n 1^ ^ # Srffrf Bx ' , y # y # p 
7h5>^X# (Q4, Q6) <Ds<-XlzWmU Hh 
(Q4, Q6) ©X= «y#lCg^£*lfcm;6 

«?• (i4, 1 5) ^e ) m^§-t?:m*i--5x^y^7 
*nrtms& (13) t. 

v-x&tf F\sjyim8siism®mm (vco &.tfmz 
mjj^izzn-znmizti. Mciitsiex 20 

$ V 9- 7 it O 7 h 5 > V7. * £ I Jj£*g©ffi# & 

&tl!uS21t»|iii»& (12) ©ffi*#A;fr;!5ft<E>PM 
OSb9>bx* (2, 3) fcfcf||*.SECL|ll». 
[»#*2] ttFSBx^ y#7*UTW& (13) ». 
sugai^l©^ (Ql) ©nH'^CK-^ 

sswsft. fro, ^-©x$>>^(cg^$tifc|gi©ffi^ 

^ (14) fre>mt)®Sf&m*i-??>mi<D^y*y 

*D7h7>i/X^ (Q4) i:, 

trf|2|g2CD|>9>i>X^©nl/^^{CK-XA^g^3 

ft fro, •e<Dx$«v^{cm^ft^2®ffi^jSS?- 30 

(15) ^ibffi^ff-^$:ffi*-r^20X$>y^7*D 
7h^>^** (Q6) fc&fll*., 
tuia^l&tKH2©tti*j^-?- (14, 1 5) iZttVTm. 
tt£ft£3f5l&t)^2©PMOS h=7y*J7,Z (2, 
3) ts 

S^aHlcOPMOS Y=yl/ ! J7.'Z (2) ©V-X&lFK 

w>»«was«fiac«« (vco R&mmin&tm 
? (14) t-tft-pftsawsft. fro, Ritusan 

2®ffi*3g-7- (1 5) KliSgttSftT^6ii:fc, 
tufa^2C9PMOS (3) ©V-.X&tfK 40 

w>tttWBW«fiM«K (vcc) &r«fnE«2©ffiAj(i 

? (15) tc-tft^ftSSRaft. fro, y-httf(ffB^ 

HDffljMB?- (14) tC^$;ftT^.g>3i;i:fr!b&.5 
If &m 1 tcf B*c© E C L BOB. 
M*£ 3 ] iSfBH l xtfSK 20PMOSh7>^ 
* (2, 3) tifFf3ig«ft«i!K (vcc) £©&mc{i, m 

l%.Zf%i2<DPMOSb : 7>i/** (2, 3) {C^f 
2>Wx.%:fflm~?Z>t-lt)(DPMOS Y=yy*j7.$ (8, 

9) frgsk*2ft «aEWWM9a)PMo's b^yvxz 
(8, 9) ©y-httwgatt*(flrti« (vee) izmftz 50 
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ftT V *«fl||$3 2 iCfatic© E C L®g&„ 

[fif#«4] ]|JnBxSy*7#n'7'0g& (1 3) (i. 
Ma|glCDh7>^^ (Ql) (DnVVMzK-^tf 
g&^ft fro, ^©x = y*lCjjSWSft£K5l©fltfj 

SB? (i4) *ve.nj*flir*&m*f6isi©x5v*7 

*D7h7>yx^ (Q4) £, 

ft fro, ■e©x$^^fc^snfe.H2©aj«-?- 

(1 5) *^m*fl#$:m*-r^2©x^^ ; 5r7*n 
7V9yVX9 (Q6) fcfcfltfL 
WlB*i;ftt8&20ffl2rf»?> (14, 1 5) &C*fLT|3 
(t&n&Ml3fttW4 ©PMO S h5>^X* (5, 

6) i:, 

ttfiaH3©PMOS (5) ©V-X&t>*K 

w>»«W5*«awR (vcc) ftotswaasKoiaASB 

? (14) Ki^ft-ipftg^ft fro, /f-HiiWBW 
2©h5>^*# (Q2) ©3U^^fC^$tiT^^> 

SfflB^4©PMOS b^>^X# (6) ©V-X&tfK 

u^>«a&siiWWMBK (vcc) i Ro { wiE»2©ffiAS8 
? (is) tc-^ft-e'ti^^iT. ^-httffna^ 

l©h^>^# (Ql) ©nb^^{Cg^$4xTV>S 
■ i £ t fr £ #91 1 (CiB«© E C L0S&,, 

[000 1] 

imuxDmmftm *mnt ecl d^y^*>^ 

t4BM^©K38ffc«»*aftTV^. ^©§l#tC*ft, B 

i -cmo s&mtttowmmtiKK * br 

^t>f jK- 5 h y V* 9 Z&ti E C L US&©tttgf6]±t± 

mm&w$mtte-?T^z>„ mz. ecleiss©^^ 
j^©A*{t-^©jgi|ii#/jN3 < ^§ t , emcDiiff^^i 

[0 0 0 2] 

[^©^] S5tC{itfefe©ECLIBJg&©-01|7!)^$ 
ftTV>3. ECLHIS^l 0ttb^;i/j>-7 hias^i 1, H 
t&ififItaS& 1 2 &t>'x $^^7*nTmg&13 
ftTV^S <> 

[0 0 0 3] i>-7MS|^l H±, if«^®igVCC (0 
V) t<MflflB»VEEfc©|(8{CiejlJKSS»SftfeNPN 
h^>i/'^^Q8&^«SfE^fe^S 0 ifflJttBBR 
ttNPNh9>^X^Q9^^R4X)^^«»„ 
>^*X^Q 3©/<-XlC^«ffiVrefl^A*$ftTVN 
S. h^>^^Q8©/<-X{Ci±ECL^g|©A*fI 
^•Vln^A^7$ft h7>i/'X*Q8!i-f©x5 
6>A*fS-§-Vin^P,^-><. • x$ "y^r^flffiVBEfe't'tfl; 
JE l"<;i/©{gv \fg ^ V I fcffiTrt 

[0004] Hi*if<@iii?si 2»*. 

Hl>&y t ||2©NPN h5>S>X^Q 1, Q2il, #h 



I 




3 

JgfitRl, R2£, Hfh5>yx^Ql, Q2©x$y 

©x* y *{cg^3ft RK-yUCttflWV I #A2>£ 
ftT^S.; h^>^X#Q2©/<-;UCti^®£ffi-§- 
Vref2#A*2*Vt^£.> X, h7>i/'Xi!Q30^- 
* tC {ittrgffit«JEE V ref 1 #A7J $ ftT V » &„ 
[0005] x$>y^7^D7llIS&l 3li, mzb^y 
^":*#Qi©3U?#{c^-;*#g^;*ft ziVtXtf 
«^VCCtCggK$*i£NPN h5>y^*J:y«;*«l 

4 ©x =• # zmmvmzjmtz&WMMZffiitx \ * 

5 x$y*7*n7E«U 3 fietma 
h7>^X#Q2©nb?#K:^-X#^$ft, 3 1/ 
?**Wi<a®^VCCfC^<!SftfcNPN 
<fcy£63g2©x5 7 ^7^D7h7>yx^Q6, |> 

I$:iiTV^I>. 30£ttt»N PN h7>i?Xi! Q 
7 £fflfcR 6 £frt>&2>. b^yPX-HQA, Q6©x 

S'v^ izitmBoxntirzaiijtzm 1 2 <D&tim 

-f-14, l|5#8SttSftTV*S. X, h5>£?*#Q 
5, Q7©^-;*£«iiffiE£«ffiVrefl#A*£ft-^ 

*. ; 

[0 0 0 6|] figoT, AMmv I A^SE«#Vre 
Klfljyfifcj&BSfctt. h5>^X^Ql^>t 

*>•£>„ rftfcfcy, h 5 > 2/7, ^ q 4 ©^-x<8;&i±{£ 

< & l J , ffi*«^ 1 4 6 l± L U^^ODff-^^ffiij $ ft 

fttiMfri- 5 h i^;i/©m##tfU?£ft£„ 

[0 0 0 7] X, A*ff I #H U"<;^e> L W<J\s 
2^* #Q 2. -£©£#), H5>^X#Q1© 

tt>lc, h^>^^Q2©=iU^^ttE^H^;b^ 
e>Lb/<;i/^\i:^y^t>So dfttcfcy, b^yi?** 

Q4<Ds<-*mmm<&v, nj*sB?-i4^e>ttHu 

"«;KZ>fB^flJ*Sft6. h7>S>*#Q6©^ 
-xtt&kfc<g;< & y, m*fiS^- 1 5 fr£> L 

[000 8] z:©fc£, h5>yx^Ql, Q2ffl^> 
WMlZ&ttzmfiiR 1 , R 2 T?0«£EI*T & 2 V U 
h^>i>'X^Q4, Q6<D^-X • x* y^ramffiVBE 
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£0. 8 V HU^;bCDffl7j{i^i[a2 

4, Q 6©K-X • y ^^®EVBE^-ti6^- 0. 
8 V y . L l^b©jl}?j{g#{;);*ft J: »J $ <b {C 2 

fitR 1 , R 2 !Cfctt$«EE»T©«"e«JgSftS. 
[0 00 9] 

B^jWSHfcUJ: 5 JJB©ECL|1»1 0 

tCfcWt, aj£{f#©i§*I£*£<-f.5£«>(C, mfilR 
10 1, R 2 <KfeU iSWRl, R2T-© 

«EE»T&**<-r*it*«j^.e)fts. £z\?>i)\ » 

MR 1, R2©«ffii$TS:*£<t35tUT, b^y*?* 
^Q103l/i? #SJ±#^©<'<-xSK<fc y & y 

J: y , ECLHIiS&l 0 CD««&»fBaK®{£T*^ 

MJimmmt*M\z\mn-itib-ot-. 
[ooio] a^»djjaaiftfts:jiift't*fe«)k:*a 

x*<Dtmiz£z>Mftmt<mTzm<z\£&<, m± 

[0 0 11] 

1 <D b 5 > V X ^ U * i:^ 2 o h =y y 
i?x*<D=iu>7ji lzH6m&MM : k<m-?& £ £ %>tcx $ 

y *K^iMZftisTig&i<mmiz&mL, m © h ^ 

30 tmmm£. &mmm£im@.wm£<Dmizmiiiz& 
K5>yx#i:«iiii:*»e,fty, mi%.i$m2<Db7> 

©x ^ ^ ic^$ ftfe m*j(HF*» ^ ffiTjfg # & ffi^-r 
ffi«WfttJfai*«^-eft-e ! ftta«sft. ^o, >y- h 

ictix $7^7*n7h7>^j! ^©ffi* i: tiiS^B© 
ffi^Sr^-t^iiitOilS&cm^A^SftS PMO S h 
40 =7 y V7, 9 £ SrISWfc,, 

[0 0 12] B20ftWT*i& x.$y*y*U7im 
tt, ISl©h5>i/"X^©nb^^{cK-x*^i^$ 

ft *<D*$y9izjmztit=.mi<DmjM3-fr 

ejffi*fS^5:ffi*f ^Hl ©X5 7^7*D7h7>i? 
H2©h7>yx^©al/^^tc^-^*'^ 
^-©x= y#lzmxZtlfz / m2(Dtii±)ti%3- 

frt>&±m ^z&ji-rzm 2 cox. s. v * ■? * n 7 v 5 > 

y*#i:£<13.TV^,, ^-UT, miJkX}%2<D\i!,jji!& 
-f-lC^f bTH 1 2©PMOSh7>^^ *KKW 

50 e»ftT^£. Hl©PMOS N5>J/X^©V-XS.t>' 



^ (4) 

; 5 

I8S4X. ft*p, y-htta52©ffi*SB?4CgStta5*iTV^ 

»2©pmos h9>y^*©v-^aacKw> 
«««fir«kR^ 2 ©m*^c^*i-£n&$ga n 

[0 0 13] ^3©56B^T'«. KSl&t«S2©PMOS 

PMOS h^>2?x*lc«|fr*-*WKS:«!IH8f *fc«)0 
PMOSh5>2;***«S§tt3ft. «8»gJ§©PMO 

s h5>^>^©^- h uismmmizim^nx^ io 

[oo 14] [tmaWBva* x$y*7*DTia» 
ti, fgi©h9^^x*©ni/^^{c^-^A , ^gj^3 

n *>o, -e©x*^*{cga%3tifciiicDm^8^.^ 

e> ffi*M# £ tttfrr *fl51 ©x * y 9 7 * u 7 b 5 > y 
3g2©h^>^x#©ni/**{c^-x#®^ 

an. ^oj -t©x^v#»cssi«anfc«52©m*s»?- 
5>**i:fcfr*.Tv**. -eux, ^i&^2©aj±ss 

^{C*fLTH3 J R?>'||4©PMOS H5>S?X**«KW 20 

e>nT^s.; H3©PMos H^^yx^cDv-x^ 
f w >wfnusMHK5ttJW 1 ©ffi*«T-jc-tn-ent(s 

$ian M33&2©h5>S^**©=ll/*# 
fCg^a*vrv>6„ i4©PMOS N9>S?X#©V- 

k > ifmm&wM&TfM 2 ©aj»Bc^-*i 
■engswan. •y-M±§si©h^>^'x#©=i 
w^icgs^antv^. 

[0 0 1 5] 

ifcfrf pmos h 9 #tix* «vtJf7*ar 30 

h 5 > 5?* * ^©HJ At J*3S»tB©HJ*fC J: ott>5ti 

tt&HN&Q&m u^i/iffi^-r-sfgi pmo s h 5 > 

'[0 0 1 6];J|520«WT»4. latf^Cl^-yi! 
7*n7hv>^X^{C«}:oT^l&tJ { ^2©PMOS 
h 5 > # ftWf 3 *l£©T\ * 1 Atflg 2 © PMO 

s V5yvx*<D^y^yFTmimmtzfrz>. 40 

[ 0 0 1 7 ]| % 3 ©aWTftt, ««E$9PSffl© PMO S h 

* K#j^*tMfcwwi»a n* z tizzy, mi %.&m 

2©PMOS h5>S;'X#©jlftH7±©L£V>M@0£# 
WomMz «fc o Tig 1 fttffc 2 © PMO S h 9 > i>x # 

t>mmz7fyu ii^&w<Dmfiizftm®.wgi<Dgm& 

[0 0 18] H4©^T'tt, 3&3#.tfg?4©PMOS 

I- 5 > y x # (Off- h tc a* a n-s ism&ffiij© i^m* 50 
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iftttfiHGK© l"<;wcfc*. -?•©£#>, ms&tfmto) 
PMOS h^>i>'X^»L^V><it®Ero^fefcfft*Vh3< 
T=b, Sg3&tf3g4©PMOS h^^Xllifl&lc*- 
7 U {SSe«iJ©ffi7atc^m&«ai©g»%«^ < 

[0 0 19] 

20tcSgoTSi^-rs o ft $yj|©ffillh, mtvm 
Oimmz-o v \T (if^ & HI— tc LT ^©Si^ & -gp^BS 

[0020] ®ik:fi*^S6M©ECLEJBSijb^3n 
T^-5„ ECLEBlHttU^S/7Ma»l 1, M»*t 

man 1 21^x5 >> # 7* n7i@!B& 1 3 wi? y # 

y*U7Wm\ 3G)ffi77SS^l 4, 1 5{C*fLT|9H"^ 
nfc|gl&^2©PMOS 2, 3T'#fig 

^^anrvx^ 

[0021] h^>yx#2©v-xfttfKi/-i':/ti'B 
ax vcc^.t>-ffi73«-7- 1 4 iz^ti^wmz nr v h 

^>^X^2(7)>7*-Mim*aS^-14 (h5>2>"X^Q 
4^©ffi73t|B|ffi) iltt^ffiOff#&a}73-rSffi73«-?- 
15 (h7>^X^Q6^\©ffi7Jil|SIffi) IC^$4XT 

R0fffiA«RF-i 5*c*n-m«a«anTv^. h^>y 
zmtim- 1 4 tc^anxv>€.„ 

[0 0 2 2] gfot, ATJffi^V I ^^miEbfS-^Vre 
f2i»j®^«ffi (LK;b) ^e>ii5v>«aE (HK;i/) 

(tmmw±) ^hW)Wb&h£*>\z, byy*?** 

t>5„ cmiCfcU, h5>i/'X^Q4©^-X , B^i{S 
< ffiTJ^l 4 A^e)^iL b^;b©fff#//ffi7Jan 
h^>^'X^Q6©^-x®firtiK<«:U, 

m*^-?- 1 5 *« e> h ^^^©ft^^ffiTj a n-s . 

[0023] z:©tg, H5>y^*3ttAffiiBWB* 

©SiV \ h ^ y 9 Q 4 (Cgg^S tLfeffi*^ 1 4 © L 

^^©^{cioTJi^ftHCTt-^an-sfett), ffi^ 
^•i 5{i®svcc{c^;i/T>v^ans„ h5>i> - 

Xf 2ttffi7Ji^?-l 5©Hb^;i/0«-§-{C«toT^"7a 

n&fc«), ffi*^?- 1 4 © l i/^;i/©ai73ti«f an 

£. h5>^X^2l±ffi73^1 5©HK;i/ffl 

ffi7JtC«fcoT?J-7LTV>Sft^ ffiTJ^l 5^«jgVCC 

tc y;br v7'zn2>r=.tb. b^y vt. ywm& 
m& y, ««vocft«&flj*aB?-i 4©Li/^(iD« 

?:5:{fa^<T'$5 0 

[0 0 2 4] X, A77fI-^V I L 



# 

7 

•n\s>7* L \"<)l,-fr ib H U^l/^ £ty *) &b S £ 
£Lb</l>\£:^y z.^\z^). b5yi?x$ 

- xmmm < & y , m is^l i//<;i/<Dm^ 
[0025;] z\(Dt^ v^yv^2[t^mmmts 

©^^h5>^^Q6{Cgg^$nfcffi^7^1 509L 

-?l 4tt«^vcc{c^ , ;by>y^^ <> h^>^ 
3 140H L^^l/Off-^lCioT^^S 

S„ >9>^^3«ffi^-?-l 4 0DHU'/<;KD 

ffi^Cfc^rc^UTV^tf, ffiAi^ 1 4 jWMRVCC 
{cy;i/T y$ *l& fc#>, h 5 > # 3 CO* 7^*"! 

[002 6] h7>^X*Ql, Q2©*>^fi8 20 

{CjSt-t^^R 1 , R2T©«ffl5TF&2Vi:U 

0. 8Vt^„ h^>^X#2, 3#&V%ig 

^©H U"?j«^>mAffl#ttBI 2 {C^T'^-T J: "5 fC, h 
5>^X^Q4, Q6©^-X • 15 y#H3*EEVBE;£ 

3 ICioTH L"<MZ)ffiA«-^ttH2 IC^T't^ ±3 
KWHVGCfc^i/yy^Sift.g,. •?-©£#>, Hfc«I#© 
H^SSS:;*^ < -T & 3 t So 
[oo-27j t fc, *HMMT*tt^|gttrtl^oi;v %x 30 
S'y*7*pyiU»&l Z<r>mtsXVyyV^9Z, 35: 
fifiSPLTV^©-?, h5>$>;*#2, 3©x-fy^>y 

[0028] $ &ic *nsnwettMi&«iiiEis& 1 2 © 

ffifitRl, R2T'©flffi|i$T©ffi : &^3SLTVv&V>© 
«k >J ^ y y -r £3 £ ii& < . h 9 > # 

[0 029] EI 3 Kitma>mmm<D E C L EB&4 
*VtV**. 3C0ECL|lIM&4fCttx5y^7*aTtlIS& 40 
1 3©HJASB?-1 4, 1 5K^UT*53jfctW&4©PM 

osh7>^5, 6»-te>^r^So b^ypx 

S. ! 

[0 0 3 0] b^yi?X* 5(DV-XM$h~l'-4yi£m 

mvccR&m±m* 1 4 (c-eti-e*vjsswa*iTv ><&. h 

5>^*#5©>!f-Rm;tt$-?14 (h5>^x#Q 

M^i2(Dh^yv>7.9Q2a>n\y^9 (b^yy^z 
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ecv-x&tfKW Mi«^voc&tfffi;W7-i 5ic 

^ ftWg^StiTV nSo h 9 > i?* # 6 ©y- h (iffi 
A^15 (h^>S^X#Q6'\©/i};fri:|BtfB) £\%& 

ffioft^&m^-tsmpfitisiiissi 2oh7>i?x^Q 

[0 0 3 1] 3©ECLHIS84 %ilWBECLHIIl tm 

OSh5>^^^5, 6 \ZKtrtZ> H VCC 
10 <Dl"<)l£&2,r-& b'yyisXZS, 6CDL^V>||« 

[0 0 3 2] ®4{CtiSe>{c:S!J©||i6^|cDECLtHl{^7 
*^atlTV^S. ZlC0ECLEIS&7liiff|BECLIlJg&l 
fCSWSh^>^X^ 2, 3 £WffiVCC£<Dfgl\Zl& b 

^ypT.9 2, 3izimi-&wfc$:mm-tz>mmmmm 

[0 0 3 3] 3C0h5>i>X^ 8, 9 6D^f-htt®|SV 
mzwmzn, «RVEElCj:oTfiW*>UTV^. h 
^>^X^8, 9{Ctt-9--f X©/J%£V^(Z>#Gy@3;ftT 
fey, '««VCCA^h9>^^2, 3{C#t^-TS«^ 

WSfSdticioT, b^yi/^zz, 3©y-x 

r, nmvcczsmt h^>s;^^ 2, 3idiw 

[0 0 3 4] 3©ECLmg&7%tfrfBECLIlI8Sl 
<K®f^fflSfcJR3^*«. Ife^s 3®ECLHI^7-!?{im* 
S8?14, 1 5©Hl/^;b©ffi^C«koTh^>t?^^ 
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